Introduction
The healing is intersection point between all the surgical specialties. Regarding the intestinal healing, it is well known devastating consequences of suture dehiscence which always causes a high social psychological and economic price. Anastomotic strain rates in colorectal surgery still are nothing to be avoided. It is possible to go from zero to 69%. This is the responsibility to be investigated, since in many cases it does not occurs clinical events 1 . Currently it is more common dehiscence of colorectal anastomosis, clinically manifested that has not reached 10% 2 . For others, the anastomosis failure is still at higher levels of 10 to 20% 3, 4, 5 . In any case, mortality in the large intestine surgery remains between 2 to 4% due mainly to anastomotic failures 6 . Higher rates of anastomotic complications are expected when sutures in adverse conditions were performed. Several of these protection conditions and factors were also studied and used as anti-hormonal and not hormonal anti inflammatory 7, 8 , immunosuppressive drugs 7 , hormonies 9 , antibiotics 10 , antioxidants 11 , short chain fatty acids action 12 , sepsis 13 ; peritonitis 13 , trauma 14 , diabetes 15 , hyperbaric hyperoxygenation 16 , pentoxiphiline 4 . Advanced age, uremia, cirrhosis, cancer in advanced stage, anemia and malnutrition are factors very feared.
Blood perfusion found deficient in ischemia and ischemiareperfusion syndrome is a cause of failure in the intestinal anastomoses healing 4, 17, 18, 19 . An acute anemia trial has taken on a continuing basis histological and biochemical damage to the region of colic anastomoses. As increased presence of inflammatory infiltrate the acute phase decreased deposition of collagen fibers and hydroxyproline 6, 12 . Lauand et al. 20 with 40% bleeding there was also found no change of hydroxyproline, although there were still histological findings that are theoretically harmful to healing. Baffa et al. 21 despite histological changes found, does not verify decrease of hydroxyproline. In this work, acute anemia was produced by 30% volemia removal. As for the mechanical strength of colic anastomoses in these hemorrhagic shock type results does not show uniformity, pressure of an explosion cannot be changed 12 or only do so in the 14 th day 6 . Adhesions directly around the anastomosis, with the great omentum, has used for a long time as protection for sutures 18, 19, 22, 23, 24, 25, 26 . However, controversy still on the practical results of this method.
With increasing frequency the intestinal anastomosis is performed in acute anemia due to trauma or excessive intraoperative bleeding. For the sature line hypo perfusion will be added to other adverse factors such as lesions to another organs, infection, hypothermia, acidosis, systemic inflammatory response and increasing collapsing organic risks to the anastomosis. These facts justify investigations in order to minimize the aggravation of anastomosis in patients already critical.
Methods
This work was approved by the Committee of Ethics and Animal Experiments of the Campinas State University, according to the ethical principles adopted by the Brazilian College of Animal (COBEA).
For the animal experiment, a rat was used (Rattus Two groups were formed with 10 experimental animals that were shocked in each group. In vigency of hemorrhagic shock anastomosis was performed in the left colon of each rat. Group 1, the anastomosis was evolved by a polyvinyl chloride film (PVC) with the aim of preventing of adhesions forming on the suture line, which could interfere with the results. In group 2, took place on the circumferential omentoplasty anastomosis. Euthanasia was performed on the fifth day after submitting to test each anastomosis biomechanical of pressure of rupture (BTPRLD. Animals that led to death was excluded, and those had anastomosis dehiscence of euthanasia was replaced.
For anesthesia the sodium pentobarbital was used with three percent (Hypnol-Fontoveter) administrated by the caudal vein. The dose used was 60 milligrams per kilogram of weight.
To obtain the shock, aseptic technique was used. The right carotid artery was dissected and catheterized with polyethylene tube (PE40), previously heparinized to cause bleeding. This was done by the removal of 0.5 milliliters of blood every two minute. It was interrupted when it got average levels of mean arterial pressure (MAP) equal to 50 mmHg or as removal represented 30% estimated volemia for the animal. To provide the model and to increase the survival of animals restoration of one-third of the removed volume in the physiological saline solution form. The volume assessment of each animal was calculated to 5.43% by animal weight 27 . As a shock marker and tissue ischemic the serum lactate were used and measured through lactometer. Three measures were performed: first at the start of surgery before the start of the volemic removal. Secondly, 15 minute after the last removal and the establishment of shock. Last condition after the surgery with the abdomen closed. Result was shown in millimoles per liter (mmol/l). To maintain the temperature of the animal a heated mattress was used and calibrated to remain around 38 and 40 degrees centigrade to avoid hypothermia. MAP was controlled at all times with digital recorder-manometer.
After middle laparotomy the left colon was cut to three centimeters of peritoneal reflection and the anastomosis. This was performed with separate points in the unique seromuscular plan with polypropylene wire. After that in Group 1 polyvinyl chloride film is placed on the anastomosis and group 2 omentoplasty perianastomotic is performed. The building of these structures was made by the same polypropylene wire. The PVC film was obtained from the bag containing the serum.
On the fifth postoperative day, euthanasia was performed with a lethal dose of 3% sodium thiopental which was applied through caudal vein.
For the biomechanical test, a colic segment was eliminated of four centimeters containing anastomosis in their average region, equidistant from extremes. The handle underwent careful cleaning of the lumen with saline solution and placed in a receptacle of saline solution and hydrochloride papaverine in concentration levels of 250 milligrams per liter. These were kept at a temperature of 37 degrees centigrade for a period of 20 minutes. It was intended to minimize the variability of muscle contractions arising from the manipulation 28 .
The quality assessment of anastomoses was performed by biomechanical test of pressure of rupture by liquid distension which was defined as intraluminar pressure, recorded by polygraph, necessary to promote the overflow of the solution infused by anastomotic line.
The system mounting for measuring the BTPRLD has previously been described and will be summarized here 16, 18, 19 . After eliminated the surgical piece of papaverine solution a cannon catheter No. 18 of "Teflon" was introduced in their extremities. These in turn were attached to the 3-way triple flow tap and connected to the glass syringes previously positioned in two infusion pumps. One of them served to introduce saline For statistical analysis the Mann-Whitney's nonparametric test, variance analysis (Anova) Tukey test and Spearman's correlation coefficient and contrast was used. 5% significance level was used (p-valor < 0,05).
Results
To achieve ten animals in control group 1, there was needed to test forty six rats. Of these seventeen died (36.9%). The deaths often occurred in the immediate postoperative period and signs of evidence of respiratory failure were noted. Another nineteen animals (41.3%) although they came lively on the fifth day, presented anastomotic dehiscence to euthanasia and were regarded as not assessable for BTPRLD. Ten rats remaining (21.8%) showed their integration anastomoses on the fifth day and were regarded suitable for testing. Group 2, shock and anastomosis affected by omentum were formed with seventeen animals. Of these, seven (41.1%) progressed to the death almost always in the immediate postoperative period and with evidence of respiratory failure. Ten rats surviving (58.9%) presented intact anastomoses on the fifth day. When the realization of euthanasia being considered assessable for BTPRLD. There was not verified sature dehiscence on surviving animals.
The following animals died or had anastomotic dehiscence will be not considered. The following animals died or solution within the handle through one end. The other provided only as a support for sustaining the other end of the tester. After mounting that system one of the taps was connected to the pressure transmitter of the polygraph through polyethylene catheter Thus saline solution was injected through the plastic syringe connected to the polygraph pressure transmitter forming a net column providing system zero. The explosion pressure study was introduced by the infusion of saline solution in two milliliters per minute speed. Then it was interrupted after a rapid fall observation in the register of the pressure curve of the polygraph. It was noted that the value in mercury millimeters from the maximum pressure was responsible for the handle breaking (Figure 1 ).
had anastomotic dehiscence will be not considered. Twenty animals assessed will be shown only. Ten of each group was submitted to biomechanical testing. Items will be analyzed: Removal of blood volume, surgical time, mean arterial pressure, lactacidemia, weight loss and BTPRLD results.
Removal blood volume
Twenty animals were considered assessable its volemia was estimated from 16.5 ml to 18.9 ml (average of 17.8 ml). Ten rats in Group 1 had their volume estimated at between 16.5 and 18.9 ml ml (average of 17.53 ml). For ten animals of Group 2 the estimated volume ranged from 16.9 to 19.4 ml ml (average of 18.06 ml). For statistical analysis, there is no noted significant difference between the volumes. For statistical analysis no noted significant difference between the volemias estimated for the two groups in compliance with a p-value = 0.1284 when applied to the MannWhitney test.
The removed volume ranged from 4.5 ml to 6.0 ml (average of 5.67 ml). For Group 1, the removal volumes ranged from 4.5 ml to 6.0 ml (average of 5.4 ml). In percentages removal amounted from 26.3% to 34.6% (average of 30.9%). For Group 2 the removal pf blood was from 4.5 ml to 5.7 ml (average of 5.3 ml). In percentages the removal amounted from 25.0% to 32.3% (average of 29.5%).
Comparative statistical analysis showed no significant difference in the removal volume (p = 0.58) either as the percentage of the removal volume between the groups (p = 0.25) when applied to the Mann-Whitney statistical test.
Surgical time
The surgical time in group 1 ranged between 40 and 97 minutes with an average of 64 minutes and average of 57 minutes. In group 2 times ranged between 30 and 60 minutes, averaging 47.1 minutes and an average of 57 minutes. There was no statistical difference between the operative time of the two groups, according to statistical analysis by the Mann-Whitney method with p = 0.1602.
Mean arterial pressure
MAP was measured before the bleeding and 15 minutes after receiving the shock at the end of the experiment, with the abdomen already closed. The initial MAP for animals of Group 1 ranged from 103 to 117mmHg (average of 107.9). At 15 minutes the range was from 48 to 75mmHg (average of 54.8). The end MAP ranged from 64 to 100mmHg (average of 84.2). In Group 2 the initial WFP ranged from 91 to 129mmHg (average of 109.7). Measurements of 15 minutes ranged from 48 to 77mmHg (average of 54.6). The end MAP on the same group was 60 to 102mmHg (average of 81.5). Statistical analysis showed no significant difference between groups in the three areas of the measurement as applied to the variance analysis (ANOVA). That is, initial MAP was Similar in both groups as well as 15 minutes after-shock and at the end of the experiment. However, it was different with statistical significance from one measurement to the other within each group (p = 0.0001).
Lactate
Initial lactate for Group 1 ranged from 1.5 to 2.7 mmol/l (average of 2.1). At 15 minutes for the same group, it was 1.7 to 3.8 (average of 2.7). The final measurement ranged from 2 to 4.9 mmol/l (average of 3.3). For the Group 2, initial lactate ranged from 1.6 to 3.1 mmol/l (average of 2.2). At the 15 minute measure oscillation was 1.5 to 4 mmol/l (average of 2.9). For end lactate, the range was from 2.8 to 5.8 mmol/l (average of 3.6). Statistical analysis showed no significant difference between groups in the three moments of the measurement of serum lactate, as applied the variance analysis (ANOVA). However, there was significance between each time within each group (p = 0, 0001).
Weight loss
Animals were weighed at the beginning of the test and at the time of euthanasia. In Group 1, initial weight ranged from 304 to 349g (average of 322.7). The final weight in the same group was 252.2 to 310.7 grams (average of 272.6). The weight loss ranged from 11.8 to 66.8 grams (average of 50.1). In percentages the oscillation was 3.7 to 21.1% (average of 15.5). For the Group 2 the initial weight ranged from 318g to 359g (average of 333.2 grams). The final weight ranged from 268 to 310.2 grams (average of 288.4). Weight loss occurred ranged from 18.4 to 76.2 grams (average of 44.7). Percentages ranged from 8.2 to 21.3% (average of 13.9). Statistically two groups using the Mann-Whitney test were compared and a p-value of 0.3073 resulted showing that there was no significance in relation to ponderal loss between the groups.
Biomechanical test of pressure of rupture by liquid distension
In all tested animals both groups ruptures occurred in the suture line and always on an edge against mesenterial. Groups were compared by the Mann-Whitney statistical method, a p = 0.0509 was presented showing statistical significance. In Table 1 there are values found, measured in millimeters of mercury (mm Hg). 30 . Experimentally may still predispose to worsen intestinal anastomoses healing 6, 12, 20, 30 . In order to prevent the anastomotic dehiscence or minimize its consequences can be realized in the circumferential direction of adhesions on a suture line with the great omentum. A double protection both mechanical and biological is obtained. From a mechanical point of view is expected that this structure seal micro-failure and dehiscence suture. A biological mode, besides the additional blood irrigation to irrigation to the anastomosis, omentum can absorb necrotic remains helping to unbridle and promote better granulation along the suture line 31 . In this study an animal model of hemorrhagic shock was obtained which was performed in a colic anastomosis protected or not by omentum. It was tested after five days by biomechanical test of pressure of rupture by liquid distension (BTPRLD).
The fifth day was chosen to represent a postoperative phase where sature points have lost its maximum power of sustentation and fibroplasia period and collagen deposits are not quantitatively significant yet 32 . The amount of removal blood from each animal was around 30% of volume. With that there was acute anemia of at least moderate severity, Class II to III, is considered in humans. Volume restoration was made so in part about a third from removal in saline solution form and only after abdomen is closed. After the pilot studies came to that form of standardization of work; there was a shock type that can be considered severe. Mortality rate was 38% which characterizes the models impact. Moreover, the survival of 62% cannot be regarded as small and a reasonable number of animals were provided to carry out the work. Because the model had produced anastomotic dehiscence performed 30.1%. It also lends itself to the study of intestinal healing in this adverse condition, with other types of methodological approach. Statistical analyses performed basically adopted comparisons between the two groups that they would be equal and came to the same conditions until the moment when they were submitted to BTPRLD. This passed the same experimental conditions to have the anastomoses tested as to its quality, were the main goal of this study. Two groups were Similar with respect to surgical time, removal of blood volume lactate, MAP and weight loss. They differed on the suture line resistance only.
The results verified by BTPRLD could not be compared with similar work on that experienced colic anastomoses and hypovolemic shock. This is because it was not found work to study protection anastomotic omental in a shocked animal model. In this study there was a benefit to the group of animals under conditions of shock when their anastomoses were protected by the omentum. This conclusion can be inferred by two different points of the experiment: the post-operative development, lack of dehiscence in Group 2 and the BTPRLD. The biomechanical testing showed that the animals used in the experimental group had anastomoses more resistant than those in the group without directed adhesions. This had statistical significance.
Regarding the deaths that occurred inferences cannot be made if it had a direct relation with omental protection because the deaths were early. It is much more probable were due to the hemorrhagic shock effects than anastomotic complications. In the experiment the anastomoses were tested after the removal of PVC film in the control group and the omental wrapping in the group with adhesions. The adhesions were eliminated in the most delicate possible way. However, is certain that were imposed micro trauma to healing by the tip of the contour scissors. This fact may have caused some degree of reduction of resistance measured by the BTPRLD. If the same test had been done without this removal, and it had tested the monoblock anastomosis and circumferential adhesions resistance, it is true that it would have gained higher pressures of a collapse, further increasing the statistical significance, which was the limit. This simulation shows more of what happens "in vivo".
Conclusions
1-Use of Hemorrhagic shock type proved to be useful to study of the healing of anastomoses subjects to conditions of adversity;
2-Protection of the great omentum increased anastomoses resistance.
